There have been few attempts made to perform a systematic analysis of the various risk influence factors in building development projects. This study suggests an analysis of the risk influence factors in the process of feasibility studies for apartment building development projects. To reflect the voice of professionals, surveys were carried out. In addition, an FD-AHP method was applied to identify the importance of the risk influence factors. Through the surveys, major risk factors were separately identified as direct and/or indirect elements. An analysis of risk influence factors supports an effective feasibility study of apartment building development projects.
Introduction
Since the legislation of the Asset-backed Securities(ABS) Act in 1998, there has been a surge in the number of construction projects promoted through project financing (hereinafter PF) [1] . In particular, many construction companies have actively participated in apartment building construction projects, which offer a relatively higher predicted return compared with other construction projects [2] . Companies that participated in apartment building construction projects during the housing boom from 2004 to 2007 made a considerable profit [3] .
With the recession in the housing market influenced by the global financial crisis in 2008, many apartments have remained unsold [4] , which has caused many construction companies to suffer financial hardship and discontinue their construction projects. From this it is evident that apartment building construction projects can bring high returns to companies during a housing market boom, but can cause a much higher loss during a market recession. In addition, an apartment building construction project is generally large and thus can give rise to diverse kinds of risk, and the consequences of such risk can not only affect construction companies but also general consumers, as well as the national economy as a whole [2] . It is thus an over-simplification to say that the financial crisis was the cause of financial losses related to recession in the housing market. It is important to identify the other problems that need to be resolved, including the incompetence of project participants who pushed projects during the housing boom without any scientific and systemic analysis of diverse risk factors. An apartment building construction project is generally reviewed in several steps. That is, it is first reviewed by a developer, and then by the construction company to check its feasibility because it requires a surety for PF, and then by a financial company to check the business risk for the payment of PF. The main items checked during those reviews are the factors that determine its feasibility, but they can also be risk factors as well. Here, it is noted that many projects determined safe in the several-step reviews turned out to bear a high risk [2] .
In the previous studies related to apartment building construction projects, feasibility analysis, weight evaluation by analyzing risk factors, and response to risk have been actively analyzed.
However, the research findings of the studies have a long way to go before they can be applied to decision-making in the field. Several factors have an intertwining and dynamic effect on an apartment building construction project rather than having effects individually. In addition, too much consideration of the qualitative factors has prevented the business risk from being systematically analyzed. Therefore, a feasibility analysis model is needed, in which the project participants can check any changes in the relationship between the factors in a simple and quick manner. Previous studies on the risk factors of an apartment building construction project can be categorized into feasibility analysis, weight evaluation by analyzing risk factors, and responses to risk. First of all, the feasibility analysis includes the feasibility analysis process for an apartment project [5] , the feasibility analysis model building for an apartment project [6] , and the development of an analysis model for a developer-requested housing project [7] , but the previous studies have focused only on feasibility analysis process and analysis methodology. The studies of weight evaluation through factor analysis include the importance of risk factors for effective management at the pre-project planning phase for the domestic development project [8] , risk management of apartment reconstruction projects [9] , and quantification of risk factors in real estate development projects, in all of which the importance of risk factors was estimated through survey questionnaires; however, the relationship between the risk and the utilization of the findings has not been clearly elucidated. In terms of studies on the response to risk, there have been studies on the method of risk management in real estate development projects [11] , and the method of risk management in housing projects [12] Pre-development strategies should be set up by taking the risk factors into account, and the items to be reviewed should be analyzed in advance. 
Influence of feasibility analysis and items to be reviewed
The feasibility of an apartment development is analyzed at an initial phase. The feasibility analysis can be defined as a review of the capability to perform the project, the possibility of successful completion, or the determination of the viability of several plans to find the optimal one for investment. It is a systematic and composite analysis of a series of processes of an investment alternative from legal, physical, technical and economic perspectives [15] . Therefore, it should be performed for several alternatives at the pre-construction phase, because the decisions made at the initial phase have a great impact on the entire project [16] . Table 2 [3]. Lastly, the other category was included to reflect the other factors that have not been included in the previous studies but need to be considered in the feasibility analysis.
Importance of risk factors
A survey was conducted by interviewing experts with 7-20 years of experience in apartment development projects based on the risk factors in Figure 3 , and asking them to fill out a questionnaire. The survey and interview were conducted with 4 companies included in the top 10 company list made based on construction capability, and a private developer that has successfully provided more than 10,000 households of apartment buildings. Through the interview, the risk factors that were preliminarily selected were rearranged, and then the final risk factors selected were shown in Table 3 . 3.3 Importance analysis of the risk factors Only the data found to be logically consistent through a consistency review was used. The data is found to be sound when it has a Constancy Index(C.I.) of less than 0.1, as shown in Eq.(1). Of the 23 questionnaires collected from the experts, 21 questionnaires or 92% were found to be consistent, and the weight was calculated with them [19, 20] .
λmax : maximum eigenvalue n : matrix size
Importance calculation
The importance of the factors for the apartment projects was calculated based on the survey results using FD-AHP. The result of importance calculation is explained with the direct risk factors.
In the importance calculation of the subcategory, the expert responses were calculated into minimum, average and maximum because the responses were objectified using Triangularity Here, a is the minimum, b is the geometric mean, and c is the maximum [20] .
The data was arranged into the maximum, the maximum, and the optimal in a fuzzy matrix as shown in Table 4 . The matrix shown in Table 4 is the result of the calculation using Eq.(3). Eq. (3) calculates a weight using 'Column Vector Geometric Mean Method.' The fuzzy weights calculated using Eq.(3) are in Table 5 . 
By using Eq.(4) for the geometric mean, the weighted vector was finally calculated. At this time, it was calculated to render the sum of weights calculated for risk factors to amount to 1. The final weight(W) can be calculated as shown in Table 6 .
Based on the result of the importance analysis in Table 6 The importance of the risk factors for the apartment projects, in order, was shown to be sales rate (A2), construction expenses(A3), parcel cost(A1), land price(A4), financial cost(A5), and period of the project(A6), while in terms of direct risk factors, the importance, in order, was shown to be sales rate, construction expenses, parcel cost, land price, and financial cost.
Weight of risk factors
The weights shown in Table 7 indicate the importance of risk factors of the subcategory in the large category. To check the importance of the risk factors for the apartment projects, the total weight should be calculated. That is, the final importance of individual risk factors should be converted using    ×    . Here, W is weight, FC is the large category item, and FD is the subcategory item [20] , and the results are indicated in Table 7 .
As you can see in In this study, the qualitative experience of the experts has been quantified using FD-AHP to select risk factors to be considered in a feasibility study of an apartment project. Therefore, reasonable implementation of an apartment project is expected when using the risk factors and considering the importance of the factors studied in this research.
Lastly, it is expected that this study can be used as fundamental data for the development of a dynamic feasibility analysis model that can help project participants to monitor the changes in the relationships between diverse risk factors in an easier and more prompt manner.
